The Need for Mixed Methods Survey Validation
Surveys, tests, and other types of assessment instruments are often used as tools to collect data on students' attitudes, knowledge, and behaviors throughout engineering education research. 1 These instruments have significant implications for ensuring high quality research, and the validity of conclusions are often derived solely from quantitative data. Typically, these types of instruments are designed for a specific context and purpose which ties directly to where and when their usage may be considered valid. 1 In order to ensure that students' scores on such instruments are interpreted accurately in the implementation context, and any action taken as a result of those scores are appropriate and meaningful, survey instruments need to go through rigorous validation procedures. These methods have traditionally been quantitative in nature with a heavy focus on psychometrics. 2 However, more recently mixed-methods approaches have been used for survey validation by incorporating qualitative data to various degrees through a variety of methodologies. [3] [4] [5] Two flexible frameworks for mixing qualitative and quantitative methods during development and validation have been proposed. 6, 7 Despite this growing trend in mixed methods research, several authors have suggested more work is needed in determining appropriate and useful ways methods can be mixed to improve survey development, especially with regard to understanding the concept of validity in mixed methods research. 7, 8 These broader methodological questions are of direct interest to the growing field of engineering education research where the mixing of quantitative and qualitative is a growing trend but mixed modes of validation have not been extensively explored. 9 Key methodological questions that we explore in this paper include, "What would a process of mixed methods survey validation look like within an engineering education research context?" and "What are the potential benefits of blending research methods from different research paradigms that have traditionally been considered incompatible?" This paper seeks to provide a response to these questions by presenting a methodological approach for incorporating quantitative and qualitative data into the validation of a survey targeted at engineering students. Alongside this theory, we provide an example of this approach as applied to validating an existing survey developed outside of engineering within the context of engineering. 10 
Previous Examples of Mixed Methods Survey Development/Validation
The instrument development process typically relies most heavily on quantitative methods. However, there are studies that incorporate a small qualitative piece to support or enhance the still predominant quantitative methods. For example, Daigneault and Jacob 4 added an openended item about the participant's perceived accuracy of the instrument to a pilot test of their instrument. They performed a thematic analysis 11 on these responses, which helped identify semantic and conceptual aspects of the survey items that affected the respondents' scores. The qualitative data were utilized to suggest minor revisions to the items. The authors then utilized quantitative techniques to provide validity evidence for the revised instrument. While the use of qualitative data was limited in their study, the qualitative data helped enhance their validity arguments through better understanding of the participant's context. 12 Further, this study exemplified the benefits of maintaining researcher flexibility (i.e. incorporating all available data, even an unexpected qualitative component) in the survey development and validation process.
Another common method when developing a survey instrument is to perform qualitative interview and observation studies to identify important topics and specific ideas for survey items. 13 For example, Crede and Borrego 3 utilized ethnographic observations and interviews to develop a survey about retention amongst graduate-level engineering students. Themes identified from this ethnographic study and previous research literature were used to develop survey constructs. The researchers then used participant excerpts to design specific survey items representative of the survey constructs, often using the direct language of the target population. The survey was revised through two rounds of pilot testing. The first of these rounds included review by members of the original ethnography sample and a panel of experts. The second of these rounds included pilot testing of the revised survey with a sample representative of the target population and review by an expert in the survey topic. The authors then performed checks of internal consistency on the final version of the survey across various demographics. Validity (or what the authors labeled as "rigor") in this example was attained through the utilization of effective qualitative and quantitative techniques during survey development iterations, as well as through traditional quantitative checks (internal consistency) on the survey's full implementation. 3 The particular strength of this method was that it utilized qualitative data to situate the survey in an authentic user context. Still, researchers who use this scale need to be cognizant of validity concerns if attempting to use the survey in a new, and potentially incompatible context. Further, the authors give little description or specific indication of how qualitative data factored into the revision and overall decision about the appropriateness of the final survey for the target population. Thus, this study is an example of sequential mixed methods where an initial qualitative study informed the development of quantitative survey validation. 9, 13 Convergent parallel mixed methods design 13 is another approach taken for survey validation. This approach attempts to incorporate qualitative and quantitative data on equal footing and truly integrate the findings rather than consider them in isolation. 6, 7 Luyt (2012) applied a convergent parallel mixed methods design 13 to evaluate the use of three versions of a survey, each in a different language, with three different cultural groups. 6 Thematic analysis was used to identify conceptual, contextual, and semantic issues with the survey implementation with samples from the three distinct cultural groups. These findings were evaluated holistically with quantitative factor analysis and item analysis to evaluate and improve specific survey items.
Another approach was identified by Onwuegbuzie, Bustamante, and Nelson. 7 In their ten-step Instrument Development and Construct Validation framework, they discussed a number of approaches to writing survey items (e.g. literature review, Delphi study, personal reflection). These authors utilized both quantitative and qualitative data to validate and identify potential improvements to the survey. These phases include not only consideration of pure qualitative and quantitative data, but also crossover analysis of both types of data. 7 In other words, "quantized" qualitative data and "qualitized" quantitative data could be used to provide a holistic overview of the data.
Throughout these mixed methods approaches to survey validation, it is crucial to consider how incorporating and blending data from quantitative (postpositivist) paradigms and qualitative (constructivist, postmodernist, critical theory) paradigms might be accomplished most appropriately (e.g. resolving crossover validity issues, effective integration). Further, these frameworks present flexible, and thus under-prescribed methods, which could lead to inconsistent and potentially misappropriate application of the frameworks. Authors using these frameworks must critically consider the rationale for mixing data in their own context, and the appropriate techniques to utilize at each stage of their own survey development process. In this study we seek to generate a concerted discourse in this domain by presenting a framework for mixing qualitative and quantitative data for survey validation within engineering education.
Mixed Methods Survey Validation
According to Messick (1995, p. 741) , "Validity is an overall evaluative judgment of the degree to which empirical evidence and theoretical rationales support the adequacy and appropriateness of interpretations and actions on the basis of test scores or other modes of assessment." 14, 15 The focus for establishing validity within the development of a survey is not necessarily on ensuring that the survey reliably measures a particular construct (e.g. through internal consistency reliability), but whether the meaning attributed to an assessment score within a particular context is appropriate. Thus validity is not a static property of an assessment instrument, but depends on the people being assessed and the assessment environment. Therefore, validation is a dynamic, iterative process that must carefully consider context in addition to theory. 1, 6, 8, 12, 14 Messick (1995) acknowledged that all available evidence can and should be utilized when considering the validity of an assessment in a particular context, but also that certain evidence may be stronger than other types. 14 In particular evidence must be introduced to account for six particular aspects of the unified validity construct: content validity, substantive validity, structural validity, generalizability, external aspects of validity, and consequential validity. Figure 1 describes each of these validity types and demonstrates their interrelationships. Collecting data on multiple aspects of validity with a single methodological approach is challenging. A mixed-methods approach provides multiple means to collecting such evidence. Messick (1995, p. 747) noted that "the validation process is scientific as well as rhetorical and requires both evidence and argument." 14 Thus, all collected validity evidence must be integrated to present a coherent argument for the survey's validity when applied to a target context. As demonstrated by Figure 1 , Messick's aspects of validity are not simply a list of boxes that need to be checked on the way to validation, but a guide that helps one ensure sufficient validity evidence has been provided by considering the unique contribution of each of the six aspects when generating a holistic validity argument.
In the qualitative research space, Walther, Sochacka, and Kellam 12 take a similar approach to Messick. These authors describe six validation elements including theoretical validation, procedural validation, communicative validation, pragmatic validation, ethical validation, and process reliability. Walther and colleagues emphasize creating a conversation within any qualitative study to ensure each of these areas are addressed through "making" and "handling" data. They also stress researcher flexibility in finding the aspects that will support validation in their work. While the focus in Walther and colleagues' framework is not directly linked to survey validation, similar to Messick it emphasizes considering a complex array of aspects of validity and situating study findings in the authentic "social realities" of the participants, suggesting at least a common purpose for validation in both qualitative and quantitative domains. Taking Messick's framework as a starting point, several scholars have utilized mixed methods research to collect validity evidence. [6] [7] [8] 16 While these approaches have addressed construct validity through a variety of means, the focus is on integrating qualitative and quantitative data to lead to more comprehensive understanding of the survey and survey construct in the participant context. [2] [3] [4] [5] [6] [7] In particular, qualitative and quantitative data can provide unique types of evidencee.g., understandings of a what a particular construct looks like in the participants' context (qualitative) versus competency in the construct area as defined by survey authors who defined it based on literature and domain expertise (quantitative). The negotiation between these types of data serves as the basis for such improved understanding. 8 
Challenges to Integrating Data to Address Critical Aspects of Validity
When employing mixed methods research techniques, specifically when the data involves concurrent methods, paradigmatic considerations become a key concern. The central question that must be addressed is, "Is it possible to embrace the same paradigm while implementing seemingly incompatible analysis techniques, and if so, how?" Traditionally, qualitative and quantitative paradigms have addressed different issues in relation to the validity of particular study. 8 Hence the challenge of mixing data to inform the validity of a survey in a particular context becomes understanding how both types of data can jointly inform the same conclusions.
Greene and Caracelli (1997) describe three viewpoints on mixing paradigms that would each suggest different methods for mixing data: purist, pragmatic, and dialectic. 17 A purist would suppose that data simply could not be mixed due to key differences between the data types. Thus, mixed methods survey validation would be inappropriate. On the other hand, mixed methods researchers embracing a pragmatic paradigm recognize that there are different philosophical traditions but are not concerned with potential incompatibilities between analysis procedures. Instead, the pragmatist focuses attention on the data itself and what analysis techniques will work best to answer the broader research questions. In the last case, the dialectical mixed methods researcher embraces each of the incompatible paradigms, and carefully navigates between them when working in the quantitative versus qualitative domains.
Previous approaches to mixed methods survey validation have focused on pragmatic methods. Here, researchers must provide the rationale for mixing the data and clarify how each piece of data informs the overall validity argument. Onwuegbuzie and colleagues (2010), for example, identified specific validity aspects met by piece of data (quantitative, qualitative, or mixed). 7 Luyt (2012) took a more holistic approach to integrating mixed data, where the focus of validation was on understanding what the survey content meant in the participants' context. 6 A dialectic approach, as outlined in Figure 2 , may help maximize utility of both qualitative and quantitative data. 17 Dellinger and Leech (2007) suggested the difficulty integrating data into a cohesive validity argument was primarily due to the quantitative necessity of a pre-defined construct and the qualitative practice of building understanding of a construct throughout a study. 8 In other words, the focus in qualitative work is understanding what the construct looks like in the participant context, thus ensuring a match between the meaning attributed to survey outcomes and the participant's social reality 12 , while the focus in quantitative work is ensuring that the construct as defined in the target domain is accurately measured in the participant context. 6 The dichotomy between these paradigms is precisely what makes both types of data useful in a validity argument. For example, a pre-defined construct represents the measurement construct (e.g. see Figure 1 ) which is the operationalized version of a construct from some target domain, and thus is defined based on previous literature, theory, and the researcher's judgment. 6, 8 Through analysis of qualitative information, the researcher may determine how the measurement construct was interpreted in the participant's context, which may or may not match the measurement construct as initially operationalized. Through conversation between these perspectives, the nature of the construct in the participant context, and to some extent the more general content domain, becomes apparent. This dialogue becomes the basis of a validation of the survey, gauging whether the participant's interpretation aligns with the a priori theory for the survey construct, or if some core component of the participant's context that is tied to the research phenomenon is absent from the scale altogether. 
Dialectic Approach to Integrating Quantitative and Qualitative Findings
While previous pragmatic approaches provide flexible guidelines for integrating qualitative and quantitative data into survey validation, our dialectic approach placed the researcher as negotiator between the implementation context of the survey and previous literature and theory. In this respect, the researchers also acted as negotiator between quantitative evidence and qualitative evidence in light of their unique perspectives and the state of knowledge of the construct. This negotiation includes considering quantitative and qualitative data at two levels: item and concept, which are outlined in Table 1 . 
Item Level
Analysis begins at the level of survey items. Survey items are constructed to detail actions, conceptions, or beliefs that are intended to indicate presence of the construct in the participant domain. As Luyt noted, survey items can contain both semantically and contextually inappropriate wording in a specific participant context. 6 A particular word or phrase in the survey item may carry an unintended meaning in the participant context. It is also possible that the content of a survey item, while applicable to a different domain, may not represent the survey construct in the participant domain. For example, taking time each week to work on side projects may be linked to innovation among professional engineers, 18 but this action may carry different meaning to engineering students who may not link side projects to engineering innovation.
Item analysis is a quantitative technique for understanding the functioning of individual items in the overall survey. 2 Quantitative data take the form of item difficulty (represented by mean score among survey respondents). High item difficulty, especially in comparison to similar items, can indicate wording that is challenging or inappropriate in the participant context. 2 Corresponding qualitative data may take the form of content analyses of participant interpretations of the meaning of individual or groups of survey items. 19 This analysis can highlight aspects of the item wording that confuse or misdirect participants, or whether the item content is relevant to the construct in the participant context.
Concept Level
The concept level determines whether the constructs as framed in the survey are applicable in the participant context. This level goes beyond considerations of individual item wording and focuses on the constructs that are represented by linked groups of items or the entire survey.
Thus this level asks whether the core ideas addressed by the survey in the participant context accurately reflect critical constructs in the target domain. For example, does a survey meant to address a specific innovative mindset represent an innovative mindset to participants and do the collection of survey items reflect this mindset? The match is important in both the overall definition of the construct and the underlying structure of the construct.
At this level, quantitative data derive from factor analysis. Exploratory factor analysis, especially, is used when the researcher suspects the fit between the expected factor structure does not match the factor structure among a new group of participants. 2 Key data from factor analysis include the overall factor structure of the survey, i.e., whether all items load onto their intended factors, and factor loadings of individual items, i.e., items with high factor loadings represent key aspects of the factor in the participant context.
Qualitative data include the outcomes of thematic analysis.
11 Thematic analysis identifies the latent meaning demonstrated in a set of data. When thematic analysis is applied to interview responses representing participant interpretations of the intended survey constructs and the application of content described by the survey, themes can represent the underlying structure and interpretation of the survey constructs in the participant domain. In other words, what do the themes have to say about how participants interpret the constructs and what do connections between the themes have to say about the underlying structure? Thematic analysis would approach this question by giving voice to the participant, whereas factor analysis would answer this question through exploring the loading of items onto that factor. Both approaches can be open-ended (e.g. exploratory factor analysis or inductive coding) or seeking to justify if an a priori theory fits (e.g. confirmatory factor analysis or deductive coding). It should be noted that findings at the item level can also inform findings at the concept level by providing understanding of specific applications/examples of the broader construct.
Integrating Data at Each Level
Integration of qualitative and quantitative data requires considering what each piece of data means in an overall validity argument. This includes considering each piece of data at face value, demonstrating its unique contribution, as well as a negotiation of the meanings of the data in light of other corresponding data. Questions to ask at each stage are listed below. The answers to these questions structure understanding of the survey construct in the participant context, and thus help build an integrated understanding of the meaning of the survey. For ease of viewing, data can also be compiled in mixing tables. 
What do the quantitative data and qualitative data indicate about the construct-participant dyad?
A final stage of data integration is jointly considering conclusions at both the item and concept level to form a holistic understanding of the survey in the participant context and make recommendations for improving the validity of the survey in that context.
Applying the Dialectic Approach
To demonstrate and test the approach we outlined above, we applied this process to data collected during an implementation of an existing survey, the Innovation Behavior Scales survey, 20 to a sample of engineering students. This survey was initially developed based on extensive qualitative study of "innovative entrepreneurs" and quantitatively validated (EFA and external validity) on a representative sample. 20 Thus the current implementation represents a jump in context, both from professionals to students and entrepreneurs to engineers, requiring collection of new validity evidence. This survey addressed innovation competency via four subconstructs: questioning, experimenting, networking, and observing. Each of these sub-constructs was addressed by four to six items outlining tendency of the survey respondent to demonstrate a behavior linked to the sub-construct.
Data Collection
The survey was completed electronically by 162 engineering students at a large research university. Demographically, all 14 engineering majors available at the university were represented in the survey. Further, students from all academic years, including master's and doctoral students, completed the survey. The survey sample was 43% female. Individual item scores were collected on a Likert-type scale from 1 to 5, 1 indicating that the item does not describe the participant well and 5 indicating that the item does describe the participant well.
Nine of the 162 students also completed in-person interviews during the same semester they completed the survey. Interviews lasted from forty-two to ninety minutes in length, with the average time a little over an hour. The interviews consisted of seven phases, four of which are relevant to the survey in this study. During the first phase, students discussed their perspectives and experiences related to innovation. The next phase focused on students perspectives and experiences related to four discovery behaviors and the survey items that described them. Students received a handout with the 19 survey items grouped into nameless dimensions representing the four discovery behaviors. Students were asked to describe nameless constructs. Next, students received the same handout with the dimensions being named and given a brief summary paraphrased from an account of the construct as intended by the survey developers. 20 The interviewees reacted to this information and discussed how they would or would not utilize the behaviors and their applicability to engineering work. During the third phase, students were asked to predict and react to their survey scores, as well as mean scores of their academic major and all of engineering. The next three survey phases modeled the first three, but focused on a different survey intended to measure empathy. The final phase asked students to describe any potential connections between the four discovery behaviors and empathy in terms of innovative engineering design. Follow-up questions were asked to provide additional detail or clarity. Figure 3 describes the interview process. 
Data Analysis -Quantitative
We performed an exploratory factor analysis and item analysis on all student survey responses. Exploratory factor analysis revealed a factor structure nearly identical to the initial survey implementation. This was supported through both the little jiffy criterion (all factors with eigenvalues above 1) and the scree plot. A four factor model, as intended by the initial survey, explained sixty-three percent of the variance in participant responses, which is an acceptable amount but would ideally be higher. This suggests a potential improvement to the survey/factor model in the participant context. All items aligned with their intended factors above the selected threshold of 0.4.
Item analysis included identifying the mean score among all participants for each item, and the percent of all participants who indicated that the item did not describe them well (indicated by a score of 1 or 2). Items that had a mean below 3 and/or a percent disagreed above 40% were considered as potentially troubling items.
Data Analysis -Qualitative
Thematic analysis was performed on the nine interview transcripts in order to identify how engineering students in the sample conceptualized the four survey sub-constructs. 11 Thematic analysis is useful in uncovering the latent meaning among a group of participants. By focusing on latent meaning, we were able to extract conceptualizations of the four sub-constructs beyond the wording of the survey. Thematic analysis was performed independently for each subconstruct and then integrated at a later stage. Qualitative content analysis 19 approached the interview data from a semantic, rather than latent, perspective to understand how students described the survey items and indicators.
Data Mixing
Following the guidelines described in the Dialectic Approach to Integrating Qualitative and Quantitative Data section, qualitative and quantitative data were integrated to form a comprehensive understanding of the survey constructs in the participant context at each level. These data were first viewed in a mixing table, which is meant to jointly present key findings from quantitative and qualitative analysis. Summaries of the findings from each individual analysis were encapsulated in the mixing tables to provide a visual overview and facilitate comparison. Table 2 is an example of a mixing table for all data related to the networking subconstruct. This was chosen as it represented the worst fit between the domain construct and the participant context.
Item Level Analysis
Quantitative Data Quantitative item analysis revealed that students struggled with three of the four items. It should be noted that these represented the three lowest item means among all 19 questions of the study. The only item with a sample mean above 3 was: "I have a network of individuals whom I trust to bring a new perspective and refine new ideas." This item is similarly worded to the item that read: "I have a large network of contacts with whom I frequently interact to get ideas for new products and services," which had higher item difficulty. The primary difference is that the latter item linked networking to products and services. This result might suggest that the language related to products and services is not a critical aspect of networking in the student context.
Qualitative Data
Qualitative content analysis revealed that students connected to language relating to a "large network of contacts," but did not often discuss networking outside their home discipline and debated the applicability of conferences as representative of their networking. Instead, there was frequent mention of networking in local contexts among members of their own discipline and especially peers and classmates.  Large network of contacts as an indicator of networking (sufficient item score, frequent mention in interview)  Academic conferences as a locale for networking (low item score, negative mention in interview)  Products and services as a purpose for networking (low item scores, no explicit mention in interview)  Networking as local and within discipline (frequent mention in interviews) Each of these findings was the result of different combinations of data. The "large network of contacts" language was identified through content analysis as being a strong indicator of networking in the participant context. The strongest item also referenced this phrase, indicating an appropriate link between the construct of networking in the target domain and its application in the participant context. Thus, this aspect of survey item wording represents a strong existing bond in the participant-construct dyad.
Academic conferences were specifically noted by the interview participants as events they did not find particularly useful for networking, especially with relation to sharing and developing ideas. This represented a potential mismatch between networking in the participant's context and networking as indicated in the survey. As mean score for the survey item related to academic conferences was low, there was also evidence that attendance of academic conferences is not a strong indicator of the general construct of networking among this group of respondents. Thus, this aspect of survey item wording represents a weak existing bond in the participant-construct dyad.
The issue with "products and services" was indentified initially through quantitative data. Specifically, comparison of mean scores on similar items revealed that the item containing the phrase may have played a role in the low score. Hence quantitative data suggests that networking toward products and services is not a strong indicator of networking among survey respondents. Content analysis revealed only one mention of products and services that was not in direct relation to networking. Thus, this phrasing may be linked to networking in the participant context and participants, on average, did not participate in that aspect. More evidence is needed to better understand the "products and services" element of the participant-construct dyad related to networking.
Conversely, content analysis suggested a prevalence of networking activities within one's academic discipline and local peer group. Thus, local interaction may be a significant aspect of the networking construct as projected onto the participant domain. No survey items, however, directly address local contexts. Thus, more evidence is needed to better understand the local networking element of the participant-construct dyad related to networking, specifically with relation to whether local networking as indicated by participants is a sufficient indicator of the more general construct of networking.
Concept Level Analysis
Quantitative Analysis Exploratory factor analysis revealed that all four items intended as describing networking correlated to the networking factor above the .4 threshold. The same was true for other factors, though it should be noted that items from observing and questioning also demonstrated strong correlations to networking and one item from networking demonstrated a strong correlation to observing. Both external items that correlated to networking, and two strongly correlated networking items, referred to "products and services", indicating a potential connection to networking. Further, the most strongly correlated item was: "I have a network of individuals whom I trust to bring a new perspective and refine new ideas," which may be most closely aligned with how the overall networking construct projects into the participant domain.
Qualitative Analysis
Broadly, thematic analysis revealed that specific conceptualizations of networking (e.g., purpose and contexts used) among the participant group differed with respect to the age and experience levels of participants. However, three consistent themes representing the latent meaning attributed to networking were revealed. These included: the requirement of strong interpersonal interaction and communication, the importance of actively pursuing and maintaining networks, and the need to identify the right mix of people for a network in relation to the effective functioning of the network. These themes seem to align with the intended conceptualization of networking upon which the survey is based. 20 Integrating Quantitative and Qualitative Analysis Both the quantitative and qualitative data revealed evidence regarding the link between the networking construct as operationalized in the survey and the networking construct as it manifests in the participant context. Three concept-level findings included:
 Building a network of trusted others is a critical aspect (highest factor loading, qualitative theme)  People-orientation characterizes networking (high internal factor loadings, external factor loading, qualitative theme)  More "products and services" confusion (high internal factor loadings, external factor loading, qualitative theme, variety in qualitative themes)
The item with the strongest factor loading, as well as another high loading item, both had to do with building a network of trusted contacts, indicating an element of the survey construct that connected in the participant context. Further, thematic analysis revealed that identifying and actively pursuing the right mix of people for a network was a core element of networking. These represent a strong match between the way networking is operationalized in the survey and manifests in the participant domain.
The three highest loading survey items all explicitly characterize purposeful and frequent interactions with other people, indicating another element of the survey construct that connected to the participant context. Even items that were intended and contained content towards other survey constructs demonstrated a strong correlation with the intended networking factor. Once again, thematic analysis also revealed that strong interpersonal interaction is a necessity of networking. Thus, the people-orientation element demonstrates a strong match between the way networking is operationalized in the survey and manifests in the participant domain.
Findings regarding the notion of networking toward a product or service outcome were again mixed at the concept level. Factor loadings of networking and external items indicated that this aspect aligned with the networking construct as translated to the participant context. However, thematic analysis revealed a variety of purposes for networking, and working towards the development of products and services was not seen as an immediate effect. Thus, at least according to participants, the development of products and services was not an important element of networking. A preliminary interpretation of these findings would be that other elements tied to networking in the participant-construct dyad are represented by the items.
Conclusions
In order to ensure that students' scores, and any action taken as a result of those scores, are accurate and meaningful in the implementation context, surveys often go through rigorous validation procedures, such as rigorous psychometric analysis. 1,2 While these methods have a longstanding tradition, incorporation of qualitative data in a holistic mixed methods manner can improve understanding of the survey in the desired educational context. This paper presented a methodological approach for incorporating both traditional quantitative data and qualitative data into the validation of a survey targeted at engineering students.
Analysis, in addition to occurring at quantitative and qualitative levels, occurs at the item and concept levels. The results of integration of all findings helps develop a better understanding of matches and mismatches between the target construct as operationalized in the survey and the construct as it manifests in the participant domain. Consideration of all data in unison provides a holistic understanding of the survey constructs in the participant contexts and implications of using the survey as an assessment tool. These results can then be used to suggest potential revisions to the survey to better address the intended construct in the participant context. This approach can work to complement previously developed approaches and provide specific guidelines and examples that may be useful for engineering education scholars who are developing survey instruments. Further work will focus on connections to larger topics of validity in mixed methods research, appropriate and utile data integration, and how a mixed methods survey analysis approach may fit into a larger framework for survey validation in educational research.
